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.This  review  summarizes  current  (1978)  tuiderstanding  of  the  interconversions 
of  serum  lipoproteins  and  the  h^orlipoproteinemias  associated  with  failure 
at  specific  points  in  the  sequence.  The  different  roles  played  by  the  low- 
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SERUM  LIPOPROTEINS:  CURRENT  CONCEPTS  OF  METABOLISM 
AND  RELATIONSHIP  TO  HYPERLIPIOEMIAS 


FUNCTION  AND  CLASSIFICATION  OF  LIPOPROTEINS 

To  survive  and  to  perform,  the  human  org^ullsm  must  have  energy  avail- 
able to  use  whenever  required.  Since  food  is  ingested  at  intervals  rather 
than  continuously,  the  organism  must  have  the  capability  of  storing  energy 
supplies  when  they  are  in  excess  and  recalling  them  for  use  when  required 
Ister.  This  need  is  met  in  part  by  the  storage  of  excess  fat  in  adipose 
tissue  and  by  the  conversion  of  excess  carbohydrate  into  fatty  acids  which 
may  be  converted  into  triglycerides  and  stored  in  the  adipose  tissue. 

This  storage  system  requires  the  transport  of  l2u:ge  amounts  of  lipids  ? 

through  the  serum.  In  general,  however,  lipids  such  as  cholesterol  and  ; 

the  triglycerides  which  contain  long  chain  fatty  acids  are  rather  insoluble  ' 

in  water.  They  therefore  must  be  incorporated  into  con%>lexes  which  effect  ^ 

their  solubilization.  This  solubilization  is  accomplished  by  the  combina- 
tion of  certain  proteins,  the  apoproteins,  with  lipids  such  as  cholesterol,  * 

triglycerides , £uid  phospholipids , to  form  a complex  macromolecule  known  as  i ^ 

a lipoprotein.  j 

The  lipoproteins  are  sufficiently  soluble  in  water  to  successfully 
transport  the  insoluble  lipids  through  the  aqueous  serum.  Current  under- 
standing of  the  interrelationship  among  these  different  serum  lipoproteins 
and  their  lipid  components  is  discussed  in  the  following  paragraphs. 

The  lipoproteins  that  circulate  in  the  serum  are  divided  into  three 
major  classes  (in  addition  to  chylomicrons).  The  common  designations  of 
these  entities  (19),  their  densities,  and  their  separation  by  electro- 
phoresis and  the  ultracentrifuge  are  listed  in  Table  1. 

In  Table  2 the  components  of  these  different  lipoprotein  classes  are 
shown,  listing  each  component  percentage  of  the  total  weight  of  the  com- 
plex (19).  The  density  of  the  lipoprotein  complex  is  a function  of  the 
relative  proportions  of  lipid  and  of  protein;  the  more  protein,  the  greater 
the  density.  Conversely,  the  greater  the  proportion  of  lipid,  the  lower 
the  density  of  the  lipgprotein. 

The  protein  components  of  the  lipoproteins,  when  separated  from  their 
lipids,  are  referred  to  aa  the  apoproteins.  At  leaat  11  are  known  (22) 
although  the  metabolic  significance  of  scam  of  these  is  uaosrtaln.  The 
apoproteins  are  part  of  an  outer  layer  surrounding  the  central  lipid  core 
of  the  lipoproteins  (18)  which  normally  have  a globular  form  as  they  circu- 
late in  serum. 
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TABLE  1.  CLASSIFICATIONS  OF  LIPOPROTEINS 
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Basis  of 


designation 

Designation 

Current  usage 

HDL 

(high-density 

lipoprotein) 

VLDL 

(very  low- 

density 

lipoprotein) 

LDL 

(low-density 

lipoprotein) 

Electrophoresis 

Alpha 

Pre-beta 

Beta 

Ultracentrifuge 

1.2 

20-400 

0-12 

Density 

1.063  1 d ^ 1.20 

d ^ 1.006 

1.006  d £ 1.1 

TABLE  2.  LIPOPROTEIN  COMPOSITION,  LISTING  COMPONENTS  AS 
PERCENT  OF  THE  WEIGHT  OF  THE  LIPOPROTEINS^ 


Cholesterol  Triglyceride  Phospho-  Protein 

lipid 


Chylomicrons 

7 

84 

7 

2 

VLDL 

20 

51 

19 

8 

LDL 

45 

11 

22 

21 

HDL 

17 

8 

22 

50 

^Percentages  sum  to  100  (except  for  round-off  errors)  across  horizontal 
lines.  Sums  of  vertical  columns  are  meaningful  only  if  the  quantity  of  each 
lipoprotein  species  in  each  serum  is  considered. 


The  chylosdcrons  consist  primarily  of  triglyceride.  They  originate 
from  the  Intestinal  wall  where  digested  fat  is  absori»ed  and  resynthesized 
into  triglycerides.  The  predosiinately  triglyceride  cooposition  of  the 
chyloadorons  rsflscts  their  role  as  the  primary  mechanism  for  transport  of 
triglycerides  absorbed  from  the  intestine,  i.e.,  exogenous  triglyoarides  (24). 
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the  intestine,  they  serve  the  function  of  carrying  triglyceride  from  the 
point  of  origin  to  the  peripheral  tissues.  Because  of  their  mainly  hepatic 
origin,  the  VLDL  ordinarily  transport  prim2u:ily  endogenous  triglycerides. 
The  low-density  lipoproteins  (LDL)  are  formed  by  stepwise  dellpidation  and 
remodeling  of  the  VIiDL  in  the  plasma  (6).  Since  these  lipoproteins  are 
approximately  50%  cholesterol  by  weight,  they  play  a predominant  role  in 
the  transporting  of  cholesterol  to  the  peripheral  tissues  (24).  In  con- 
trast, the  high-density  lipoproteins  (HDIi)  have  a smaller  percentage 
con^sltion  of  cholesterol  and  triglyceride.  They  originate  in  the  liver 
and  supply  certain  proteins  required  in  the  sequential  conversion  of  other 
lipoproteins  (20).  In  addition,  HDI>  may  act  as  a scavenger,  pic)cing  up 
cholesterol  in  the  peripheral  tissues  and  returning  it  to  the  liver  for 
disposition  (9). 


INTERRELATIONSHIPS  AMONG  THE  LIPOPROTEINS 

Although  there  are  sequential  metabolic  interrelationships  among  the 
chylomicrons,  the  VLDL  and  the  LDL  (20,  24),  these  interrelationships  are 
not  direct  interconversions  of  one  lipoprotein  into  another  but  are  more 
like  a succession  of  remodelings.  Both  the  lipid  con^osltion  and  the 
protein  composition  undergo  some  changes,  although  in  some  respects  these 
changes  are  like  variations  on  a central  theme.  For  exaur{>le,  apo  B,  the 
chief  protein  obtained  when  LDL  is  delipidated,  is  part  of  the  VIDL  when 
it  is  secreted  and  remains  with  the  macromolecule  (6)  throughout  the 
sequential  conversions  of  VLDL  into  Intermediate-density  lipoprotein  (15) 
and  finally  into  LDL.  As  this  sequence  proceeds,  the  proportion  of  the 
apo  C decreases,  and  the  proportion  of  apo  E wies  with  the  stage  of 
delipidation  (20) . The  proportion  of  triglyceride  decreases  while  the 
proportion  of  cholesterol  increases.  These  relationships  eure  presented 
diagrammatlcally  in  Figure  1. 

In  the  capillary  beds  of  extrahepatic  tissue,  the  chylomicrons  lose 
much  of  their  triglyceride  to  the  tissue  cells.  The  mechanism  (6)  involves 
the  enzyme  lipoprotein  lipase  which  is  present  on  the  walls  of  the  capil- 
laries. This  enzyme  is  activated  by  one  of  the  apoproteins,  C-II,  acquired 
from  the  hlgh-denslty  lipoprotein.  In  consequence  of  this  activation,  the 
triglyceride  in  the  chylomicrons  is  hydrolyzed  and  the  fatty  acids  are 
picked  up  by  the  tissue  cells.  The  liver  picks  up  the  remnant  of  the 
chylomicrons  remaining  after  depletion  of  much  of  their  triglyceride  (24) 
as  well  as  about  one-third  of  the  chylomicrons,  which  escape  matediollsm  in 
the  capillaries  of  peripheral  tissues  (12).  The  subsequent  metabolic 
sequence  in  the  liver  is  not  clear,  but  vaurlous  components  may  be  utilized 
or  reassembled  to  form  other  lipoproteins. 

The  VLDL  are  formed  primarily  in  the  liver,  but  some  are  made  by  the 
Intestine.  The  chief  protein,  apo  B,  is  conserved  (15)  during  subsequent 
in ter conversions  that  produce  the  LDL.  The  VLDL  function  is  to  transport 
triglyceride  from  the  site  or  origin  to  the  peripheral  tissue.  In  that 
process  lipoprotein  lipase  is  activated  by  C-II  protein  supplied  by  the 
HDL  and  plays  the  same  role  as  in  the  ease  of  the  removal  of  triglyceride 
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Figure  1.  Schematic  outline  of  lipoprotein  Interactions  and  relationships  to  hyperllpldemlas. 

Nomenclature:  EC  - esterlfled  cholesterol;  FA  - fatty  acids;  FC  - free  cholesterol; 
HDL  - hlgh-density  lipoproteins;  IDL  - Intermedlate-denslty  lipoproteins; 

LDL  - low-density  lipoproteins;  LPL  - lipoprotein  lipase;  PL  - phospholipids; 

TG  - triglycerides;  VLDL  - very  low-density  lipoproteins 


from  the  chylomicrons.  The  triglycerides  of  the  VI£li  are  hydrolyzed  Md 
the  fatty  acids  are  made  available  to  the  tissue  cells  (6).  Some  of  the 
C-II  protein  required  to  activate  the  lipoprotein  lipase  is  freed  con- 
comitantly, and  some  phospholipid  and  cholesterol  (mostly  free?)  are 
transferred  to  HDL.  This  process  of  stepwise  delipidation  leads  to  the 
formation  of  the  intermediate-density  lipoproteins  (IDL)  (6) . These  may  be 
a group  of  partially  delipidated  VIi)L  on  the  way  to  LDL.  One  such  inter- 
mediate, B-VLDL  (the  "floating  beta"  lipoprotein),  accumulates  in  the  serum 
of  individuals  with  Type  III  hyperlipoproteinemia.  Its  formation  may  be  by 
a pathway  separate  from  that  by  which  the  bullc  of  the  IDL  (20)  is  formed 
although  both  pathways  may  be  utilized  in  normal  persons.  The  further 
conversion  of  IDL  to  LDL  apparently  requires  the  binding  of  apo  E either  to 
the  remnant  protein  or  at  the  site  of  conversion  of  the  remneuit  (12).  With 
conversion  of  the  remnant,  apo  E is  released  to  HDL. 

The  LDL  thus  formed  function  to  tremsport  cholesterol  to  the  peripheral 
tissues.  Studies  by  Goldstein  and  Brown  (10)  have  demonstrated  that  LDL 
enter  human  fibroblasts  through  either  high-affinity  binding  sites  on  the 
cells  or  by  a nonspecific  ingestion  of  lipoprotein  during  pinocytosis  (bulk 
pinocytosis) . The  mechanisms  by  which  the  lipoproteins  are  internalized 
after  high-affinity  binding  are  not  clear  (20).  However,  these  mechanisms 
are  of  more  than  academic  interest.  Cholesterol  entering  the  cell  by  the 
low-affinity  (bulk  pinocytosis)  sites  does  not  affect  the  metabolically 
active  cellular  pool  of  cholesterol,  whereas  cholesterol  entering  via  the 
high-affinity  sites  does  affect  that  pool  (4) . Cholesterol  entering  via 
high-affinity  sites  eventually  finds  its  way  to  the  lysosomes  where  the 
lysosomal  enzymes  hydrolyze  the  cholesterol  esters  to  free  cholesterol. 

These  events  are  diagreunmed  in  Figure  2.  The  free  cholesterol  functions  in 
several  ways  (4);  It  inhibits  the  cholesterol  synthesis  by  the  cells;  it 
depresses  the  LDL  binding  sites;  and  it  stimulates  the  esterification  of 
the  free  cholesterol.  Various  enzymes  act  upon  those  protein  portions  of 
the  LDL  that  enter  the  cells  and  form  various  polypeptide  remnants,  which 
are  broadly  characterized  as  trichloroacetic  acid  (TCA)  soluble  products. 
Presumably,  these  peptides  enter  into  catabolic  pathways  coB%>arable  to 
those  followed  by  vzurious  other  polypeptides  and  amino  acids. 


The  binding  of  LDL  at  high-affinity  sites  in  cultures  of  fibroblasts 
has  been  shown  to  be  relatively  specific  (10).  Although  HDL  czm  be  bound 
at  such  sites  and  can  inhibit  binding  of  the  LDL,  affinity  for  HDL  is 
less  (5) . Brown  and  Goldstein  (4)  suggested  that  HDL  might  protect  against 
atherosclerosis  by  blocking  the  binding  of  LDL  to  endothelial  cells  or 
smooth  muscle  cells  at  injury  sites  in  arterial  walls.  This  attractive 
theory  is  supported  by  the  desionstration  that  high  ratios  of  HDL t LDL  in 
cell  cultures  will  decrease  the  binding  of  LDL  and  lessen  the  increase  of 
the  cholesterol  level  within  the  Incubated  cells  (14,  20). 


Such  findings  suggest  that  elevated  levels  of  HDL  could  inhibit  the 
formation  of  atherosclerotic  plaques  and  may  explain  the  inverse  correla- 
tion of  disease  with  serum  HDL  levels  (16) . 


Bondjers  and  Bjorkerud  (3)  have  reported  that  HDL  mediates  the  solu- 
bilization of  cholesterol  from  arterial  tissue  of  atherosclerotic  rabbits. 
Although  this  process  requires  hydrolysis  of  cholesterol  esters  in  the 
plaque,  the  HDL  may  be  a crucial  factor  in  carrying  the  cholesterol  away 
from  the  plaque.  This  is  an  attractive  hypothesis,  which  may  prove  to  be  a 
key  to  understanding  atherosclerosis  (11).  The  process  by  which  the  liver 
removes  cholesterol  from  HDL  is  unknown,  but  liver  action  is  the  main 
pathway  for  removal  of  cholesterol  esters  from  HDL  (24).  Recently,  Schwartz 
et  al.  (23)  reported  that  free  cholesterol  of  HDL  is  the  favored  substrate 
for  the  secretion  of  biliary  cholesterol  in  man.  However,  LDL  cholesterol 
was  also  efficiently  utilized  for  this  purpose.  The  latter  observation 
fits  with  the  ready  tremsfer  of  cholesterol  and  phospholipids  among  the 
various  lipoproteins  (24).  Preferential  utilization  of  HDL  cholesterol  for 
secretion  by  the  liver  is  an  observation  that  adds  credence  to  the  scavenger 
role  of  HDL. 


HDL  AS  A PREDICTOR  OF  RISK  OF  CARDIOVASCULAR  DISEASE 

HDL  cholesterol  has  come  to  be  recognized  as  a more  efficient  predictor 
of  risk  of  cardiovascular  disease  (CVD)  (14)  than  cholesterol.  In  contrast 
to  total  cholesterol  emd  LDL  cholesterol,  however,  levels  of  HDL  cholesterol 
are  inversely  related  to  the  risk  of  CVD  (16) . This  fact  has  been  known 
since  early  work  by  Barr  et  al.  (1)  and  extensively  studied  in  relation  to 
the  gonadal  hormones  (8,  25).  The  relative  immunity  of  young  women  to 
atherosclerotic  heart  disease  was  associated  with  the  finding  of  higher 
levels  of  cholesterol  in  their  HDL  fraction  than  in  men.  When  this  rela- 
tionship was  trzmslated  into  a prediction  of  risk  of  heart  disease  and 
related  to  the  newer  understanding  of  the  function  of  the  HDL,  levels  of 
HDL  cholesterol  took  on  new  signific^Ulce  (16).  A wave  of  reports  (5.  11. 

17,  21,  26)  on  the  importsmee  of  HDL- cholesterol  has  resulted,  euid  interest 
continues  to  grow. 

Data  from  the  Framinghzun  study  (11),  presented  in  Table  3,  show  that  risk 
of  CVD  rises  varies  inversely  with  the  HDL  cholesterol  level.  Interestingly, 
the  risk  for  males  and  females  is  the  same  when  calculated  on  the  basis  of 
HDL  cholesterol  levels. 

The  Framingham  population  on  whom  the  data  in  Table  3 were  obtained 
are  an  older  group.  Ages  range  from  49  to  82.  Since  this  group  is  not 
coii5)arable  to  the  Air  Force  pilot  population,  it  is  uncertain  how  the  HDL 
cholesterol  levels  in  USAF  pilots  will  correlate  with  CVD.  Nevertheless, 
the  in^rtance  of  the  possible  risk  prediction  is  so  great  that  measurement 
of  HDL  cholesterol  in  pilots  must  be  vigorously  pursued  to  determine  what 
correlation  exists. 

If  the  current  understanding  of  the  roles  assigned  to  HDL  is  correct, 
it  seems  reasonable  that  pilots  with  a high  level  of  HDL  cholesterol 
throughout  their  adult  life  should  have  decreased  risk  of  cardiovascular 
disease.  Data  bearing  on  this  hypothesis  are  being  collected. 
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TABLE  3.  FRAMINGHAM  STUDY  (11)  DATA  FOR  INCIDENCE®  OF  CORONARY 
HEART  DISEASE  AS  A FUNCTION  OF  HDL-CHOLESTEROL  LEVEL 


HDL  Level 


<25 

25-34 

35-44 

45-54 

55-64 

65-74 

75+ 

! 

Men 

176.5 

100.0 

104.5 

51.0 

59.7 

25.0 

— 

• 

Women 

— 

164.2 

54.5 

49.2 

39.7 

13.9 

20.1 

s 

i 


^Figures  given  are  incidence  rate  per  1000  subjects.  Some  variations 
in  rate  may  result  from  small  number  of  incidents  in  certain  categories. 
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RELATIONSHIP  TO  HYPERLIPOPROTEINEMIAS 

The  Fredrickson  classifications  of  hyperlipoproteinemias  (2,  7,  13) 
and  their  associated  deficiencies  in  the  lipoprotein  transport  mechamism 
are  indicated  in  Figure  1 and  summarized  in  Table  4.  Type  I hyperlipo- 
proteinemia is  characterized  by  the  presence  of  large  amounts  of  chylo- 
microns in  the  serum.  Since  the  associated  abnormality  is  a deficiency  of 
lipoprotein  lipase,  chylomicrons  are  not  cleared  rapidly  from  serum.  When 
the  levels  of  cholesterol  and  triglyceride  in  the  serum  are  measured,  only 
the  triglyceride  level  is  elevated.  This  elevation  is  not  associated  with 
a rise  in  the  VLDL,  but  is  attributed  to  the  increased  level  of  chylomicrons. 
After  stcuiding,  a creamy  layer  on  top  of  a relatively  clear  serum  is  usually 
seen.  In  Type  IV  hyperlipoproteinemia,  the  serum  triglyceride  level  is 
also  increased;  however,  in  this  case  the  deficiency  is  in  the  conversion 
of  the  VLDL  to  LDL  so  that  the  level  of  the  VLDL  is  increased  markedly. 

Since  lipoprotein  lipase  is  not  deficient,  there  is  not  an  accumulation  of 
chylomicrons.  The  elevated  triglyceride  is  accounted  for  by  the  elevated 
VLDL.  In  this  case,  the  serum  will  appear  milky  because  of  the  presence  of 
the  large  amounts  of  VLDL.  This  milky  appearance  will  persist  when  the 
serum  stands,  but  there  will  be  no  separation  of  a creamy  layer  on  top 
because  the  chylomicrons  are  absent.  In  Type  V hyperlipoproteinemia, 
however,  there  are  Increased  levels  of  triglyceride  associated  with  elevated 
levels  of  both  VLDL  and  chylomicrons.  This  serum,  on  standing,  will  have  a 
milky  appearance  and  a creamy  layer  on  top. 

In  Type  III  hyperlipoproteinemia,  there  Is  a metabolic  failure  to 
metabolize  one  of  the  products  of  peurtial  delipldatlon  of  the  VLDL.  In 
consequence  there  is  an  accumulation  of  this  so-called  B-VU)L  in  the  serum. 

This  lipoprotein  has  electrophoretic  mobility  approximating  that  of 
the  beta  fraction  but  has  the  density  of  the  VIDL.  Consequently,  when  the 
VLDL  lipoproteins  are  separated  out,  they  will  be  found  on  electrophoresis 
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to  contain  a fraction  which  migrates  with  the  beta.  This  so-called  "floating 
beta"  fraction  gives  rise  to  the  broad  beta  pattern  seen  on  electrophoresis 
of  the  lipoproteins  from  the  individuals  who  have  this  particular  hyperlipidemia. 

In  Type  II  hyperlipidemia  the  LDL  and  the  associated  cholesterol  are 
present  in  increased  concentration.  If  only  the  LDL  are  increased,  then 
the  classification  is  Type  II-A;  however,  both  LDL  and  VLDL  and  its  asso- 
ciated triglyceride  are  found  to  be  increased  in  some  cases  and  are  desig- 
nated Type  II-B.  In  individuals  who  have  Type  II-A  hyperlipidemia,  the  . 

serum  will  be  clear;  since  VLDL  are  not  elevated,  the  serum  will  not  have  a 
milky  appearance.  However,  serum  from  individuals  having  Type  II-B  hyper- 
lipidemia will  be  milky  because  VLDL  levels  are  elevated.  Distinguishing  • 

this  hyperlipidemia  from  Type  III  and  Type  IV  by  the  appearance  of  the 
serum  alone  may  lead  to  erroneous  conclusions.  However,  if  the  cholesterol 
and  triglyceride  levels  are  also  known,  a fairly  reliable  estimate  of  the 
type  of  hyperlipidemia  can  be  made.  In  Type  IV,  in  which  the  serum  is 
milky,  the  triglyceride  will  be  elevated;  but  the  cholesterol  level  will 
usually  be  normal  or  slightly  elevated.  In  contrast,  in  Type  II-B,  the 
serum  cholesterol  level  should  be  markedly  elevated  and  the  triglyceride 
and  VLDL  levels  should  be  moderately  elevated.  In  Type  III,  the  IDL  and 
cholesterol  levels  may  be  normal  or  only  slightly  elevated,  but  the  tri- 
glyceride levels  are  markedly  elevated. 

These  generalizations  are  often  con^romised  by  multiple  edsnormalities 
and  confusing  causative  factors  in  many  cases  of  hyperlipideraias . Such 
cases  require  more  studies  to  clarify  the  abnormality.  However,  the  extra 
studies  required  to  relate  the  abnormal  lipid  levels  to  the  different  types 
of  hyperlipoproteinemias  should  help  to  establish  the  metabolic  causes  of 
the  hyperlipidemia  and  to  assist  in  guiding  the  medical  nuuiageroent  of  the 
i^atient. 


SUMMARY  AMD  PERSPECTIVE 

The  most  important  facts  about  lipoprotein  metabolism  that  are  clin- 
ically important  to  the  flight  surgeon  center  around  the  association  of 
cardiovascular  disease  (CVD)  with  elevated  levels  of  cholesterol  and  low-  ' 

density  lipoproteins  (LDL)  euid  low  levels  of  high-density  lipoproteins  i 

(HDL) . CVD  apparently  results  from  LDL  levels  that  are  too  high,  or  HDL  I 

levels  that  are  toe  low,  or  a combination  of  these.  This  sin^listic  | 

statement  embodies  many  details  and  mechwisms,  and  en^hasizes  the  current 
understanding  of  the  association  of  LDL  with  delivery  of  cholesterol  to  . 

nonhepatic  tissues  ;tnd  the  reverse  trfuisport  of  cholesterol  to  the  liver  by 
HDL.  The  Fredrickson  classification  of  hyperlipoproteinemias  is  a way  of 
relating  the  stages  of  lipoprotein  metabolism  affected  in  a given  hyper-  t 

lipidemlc  patient  to  the  medical  management  of  that  patient.  Such  classi- 
fication should  assist  in  identifying  appropriate  therapeutic  steps. 

Caution  and  an  alertness  to  change  are  indicated,  however,  because  the 
generalities  expressed  in  this  review  reflect  the  overall  current  'state  of 
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understanding  in  a rapidly  changing  field.  The  sinqplified  relationehips 
presented  are  based  on  details  of  metabolism  of  the  various  lipoproteins 
that  are  conqplex,  controversial > and  not  well  understood.  Consequently, 
it  is  not  yet  certain  how  the  metabolism  of  each  apoprotein  and  its  asso- 
ciated lipids  contributes  to  the  inhibition  or  development  of  CVD.  The 
current  intense  reseeurch  in  these  areas  probably  means  that  changes  in 
Interpretations  may  occur,  but  offers  hope  that  the  pace  of  significant 
progress  will  soon  lead  to  a clear  understeuiding  of  how  better  to  assess 
and  treat  lipid  abnormalities  that  lead  to  heeurt  disease. 
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